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In the cation of the title organic ion pair compound, 
C23H2oClN203^ CH30^, the cyclohexyl ring shows a half-boat 
conformation and the dihedral angles between two benzene 
rings and the pyran ring are 83.14 (7) and 73.18 (9)°. In the 
crystal, centrosymmetrically related cations are linked into a 
dimer by pairs of N— H- ■ -N hydrogen bonds, generating an 
i?2(12) ring motif. The anion interacts with the dimer through 
an N— H- ■ O hydrogen bond, tt-jt interactions between pyran 
rings of adjacent dimers, with a centroid-centroid distance of 
3.861 (2) A, are also observed. 

Related literature 

For background to chromene and its derivatives, see: Geen et 
al. (1996); Ercole et al. (2009); Takakazu et al. (2001). For the 
synthesis, see: Wen et al. (2006); Kidwai et al. (2005). 



HoCO 




CH,0 



Experimental 

Crystal data 

CjjHjoClNjOa'-CHjO- 
M, = 438.89 
Monoclinic, P2^/n 
a = 8.4408 (12) A 
b = 26.844 (4) A 
c = 10.4615 (13) A 
= 100.398 (3)° 

Data collection 

Bmker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2000) 
T^^ = 0.949, r„„ = 0.963 

Refinement 

R[F^ > 2a{F^)] = 0.056 

wR(F^) = 0.132 

S = 1.07 

4566 reflections 

283 parameters 

Table 1 

Hydrogen-bond geometry (A, °). 



V = 2331.5 (5) A^ 
Z = 4 

Mo Ka radiation 
jLt = 0.20 mm^' 
r = 291 K 

0.28 X 0.24 X 0.20 mm 



12431 measured reflections 
4566 independent reflections 
3554 reflections with / > 2o-(/) 
Ri„, = 0.042 



9 restraints 

H-atom parameters constrained 
Ap„^ = 0.18 e A-' 
Apmin = -0.19 e A"' 



D-H-A 


D-H 


H - .4 


D- - -A 


D-H---A 


N1-H1A--04' 


0.89 


2.12 


2.698 (4) 


122 


N1-H1B--N2'' 


0.89 


2.26 


3.014 (5) 


142 


Symmetry codes: (i) —x - 


h2. -y + 1,- 


-z + 1; (ii) -x + 


3.-y + l,-z- 


hi. 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SIIELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: RZ2709). 
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4- (4-Chlorophenyl)-3-cyano-7-(4-methoxyphenyl)-5-oxo-5,6,7,8-tetrahydro-4H- 
chromen-2-aminium methanolate 

Rong Sun, Ke Wang, Dong-Dong Wu, Wei Huang and Yang-Bing Ou 
Comment 

Chromenes and their benzo-derivatives are very important heterocyclic compounds, in particular due to their application 
in a variety of industrial, biological and chemical syntheses (Geen et al, 1996; Ercole et al., 2009; Takakazu et al, 2001). 
Herein, we report the synthesis and crystal structure of a new chromene derivative. 

The molecular structure of the title compound is shown in Figure 1. In the cation of this novel organic ion pair 
compoimd, the cyclohexyl ring shows in a half-boat conformation. The dihedral angles between the C1-C6 and C16-C21 
benzene rings and the pyran rmg are 83.14 (7) and 73.18 (9)°, respectively. In the crystal structure (Fig. 2), 
centrosymmetrically related cations form a dimer by two intermolecular N — H— N hydrogen bonds (Table 1). Between 
neighbouring dimers, n—K interactions between pyran rings (centroid-centroid distance = 3.861 (2) A) are observed. 
Furthermore, the organic cations and the methanolate anion are linked by intermolecular N — H - O hydrogen bonds. 

Experimental 

The title compound were synthesized by the reaction of 4-chlorobenzaldehyde (10 mmol), malononitrile (10 mmol) and 

5- (4-methoxyphenyl)-l,3-c_vc/o-hexane-dione (10 mmol) according to the similar synthesis route reported in the literature 
(Wen et al., 2006; Kidwai et al, 2005). Single crystals of the title compound suitable for X-ray analysis were obtained by 
slow evaporation of a methanol solution at room temperature for one week. 

Refinement 

The aminium H atoms were located in a difference Fourier map ans refined with N — H fixed to 0.89 A and (/iso(H) = 
1.5i7ei,(N). All other H atoms were positioned geometrically and refined as riding atoms, with C — H = 0.93-0.98 A, and 
with [/iso(H) = 1.2(7eq(C) or 1.5(/eq(N) for methyl H atoms. Rigid bond restraints were applied to the values of atoms 
01, C4, C5, CIO, C14, C15, C17, C18, C20 and C21 with the DELU command mSHELXL97. 

Computing details 

Data collection: SMART (BmkQV, 2000); cell refinement: (Bruker, 2000); data reduction: SAINT {Bmkev, 2000); 

program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for pubhcation: 
SHELXTL (Sheldrick, 2008). 
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Figure 2 

Packing diagram of the title compound viewed along the a axis. Intermolecular hydrogen bonds are shown as dashed 
lines. 

4-(4-Chlorophenyl)-3-cyano-7-(4-methoxyphenyl)-5-oxo-5,6,7,8-tetrahydro- 4H-chromen-2-aminium 
methanolate 



Crystal data 

C23H20CIN2O3+CH3O- 
M, = 438.89 
Monoclinic, P2i/n 
Hall symbol: -P 2yn 
a = 8.4408 (12) A 
b = 26.844 (4) A 
c= 10.4615 (13) A 
y9= 100.398 (3)° 



K= 2331.5 (5) A3 
Z=4 

7^(000) = 920 

Z),= 1.250 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 1476 reflections 

61 = 2.6-19.7° 

ju = 0.20 mm"' 
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r=291 K 
Block, colourless 

Data collection 

Bruker SMART APEX CCD 

diffractometer 
Radiation source: sealed tube 
Graphite monochromator 

(p and CO scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2000) 
7^ = 0.949,7;^ = 0.963 

Refinement 

Refinement on 

Least-squares matrix: fiill 

R[F' > 2(7(7^)] = 0.056 

w7?(7?2) = 0.132 

5= 1.07 

4566 reflections 

283 parameters 

9 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.28 X 0.24 X 0.20 mm 



12431 measured reflections 
4566 independent reflections 
3554 reflections with I > 2o(7) 
Rm = 0.042 

dmax = 26.0°, ^min = 2.1° 

A = -10^10 
A: = -26^33 
/ = -8^12 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred fi-om 

neighbouring sites 
H-atom parameters constrained 
w = l/[o^(7^o') + (0.0457P)2 + 1.6707/'] 

where P = (F„^ + 2F,^)/3 
(A/t7V = 0.001 
Ap„^ = 0.18eA-3 
Ap™„ = -0.19eA-3 



Special details 

Experimental. Least-squares planes (x,y^ in crystal coordinates) and deviations from them (* indicates atom used to 
define plane) 

7.1912 (0.0049) x+ 12.2668 (0.0260) j - 4.2393 (0.0113) z = 8.2055 (0.0187) 

* -0.0076 (0.0019) CI * -0.0037 (0.0019) C2 * 0.0134 (0.0020) C3 * -0.0120 (0.0019) C4 * 0.0003 (0.0019) C5 * 0.0095 
(0.0020) C6 

Rms deviation of fitted atoms = 0.0090 

- 4.4632 (0.0075) x + 22.2337 (0.0159) y + 2.9074 (0.0097) z = 7.7773 (0.0151) 
Angle to previous plane (with approximate e.s.d.) = 83.14 (7) 

* -0.0358 (0.0017) C7 * 0.0190 (0.0018) C8 * 0.0065 (0.0017) C9 * -0.0138 (0.0016) 01 * -0.0093 (0.0017) CIO * 
0.0334 (0.0018) Cll 

Rms deviation of fitted atoms = 0.0227 

- 4.8454 (0.0082) x - 5.2426 (0.0307) y + 9.2662 (0.0059) z = 3.3249 (0.0131) 
Angle to previous plane (with approximate e.s.d.) = 73.18 (9) 

* -0.0166 (0.0021) C16 * 0.0117 (0.0020) C17 * 0.0054 (0.0019) C18 * -0.0182 (0.0020) C19 * 0.0126 (0.0020) C20 * 
0.0050 (0.0021) C21 

Rms deviation of fitted atoms = 0.0126 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on 7^, 
conventional 7?-factors 7? are based on F, with 7^ set to zero for negative 7^. The threshold expression of 7^ > <7(7^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 

X y Z Uiso*/Ueq 

CI 1.1955 (3) 0.37698 (10) 1.1850(2) 0.0370(6) 
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-0.0135 (12) 


-0.0074 (12) 


0.0141 (13) 


C22 


0.0317(13) 


0.0297 


(12) 


0.0410 


(13) 


-0.0070(10) 


0.0106(11) 


0.0027 (10) 


C23 


0.0370 (14) 


0.0477 


(16) 


0.0441 


(15) 


0.0007 (12) 


-0.0122(11) 


0.0103 (12) 


C24 


0.0565 (18) 


0.0480 


(17) 


0.0529 


(17) 


0.0150(14) 


0.0186(14) 


0.0118(14) 


Cll 


0.0419 (4) 


0.0492 


(4) 


0.0497 


(4) 


0.0160 (3) 


0.0148 (3) 


0.0153 (3) 


Nl 


0.0484 (14) 


0.0671 


(17) 


0.0570 


(15) 


-0.0033 (13) 


0.0080 (12) 


0.0131 (13) 


N2 


0.0376 (12) 


0.0419 


(12) 


0.0391 


(12) 


-0.0072 (10) 


-0.0020 (9) 


0.0002 (10) 


01 


0.0356 (9) 


0.0435 


(10) 


0.0372 


(10) 


-0.0063 (8) 


0.0046 (7) 


0.0024 (8) 


02 


0.0417 (10) 


0.0461 


(11) 


0.0390 


(10) 


-0.0109 (8) 


0.0037 (8) 


0.0156(8) 


03 


0.0397 (10) 


0.0438 


(11) 


0.0458 


(11) 


0.0018 (8) 


-0.0075 (8) 


0.0069 (8) 


04 


0.0561 (12) 


0.0491 


(12) 


0.0532 


(12) 


0.0147 (10) 


0.0108 (10) 


0.0063 (9) 



Geometric parameters (A, °) 



CI— C6 


1.367(4) 


C14— C15 


1.476 (4) 


CI— C2 


1.404 (4) 


C14— C16 


1.509(4) 


CI— C7 


1.518(4) 


C14— H14 


0.9800 


C2— C3 


1.411 (4) 


C15— H15A 


0.9700 


C2— H2 


0.9300 


C15— H15B 


0.9700 


C3— C4 


1.365 (4) 


C16— C21 


1.375 (4) 


C3— H3 


0.9300 


C16— C17 


1.426(4) 


C4— C5 


1.347(4) 


C17— C18 


1.407(4) 
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C4— Cll 
C5— C6 
C5— H5 
C6— H6 
C7— C8 
C7— Cll 
C7— H7 
C8— C9 
C8— C22 
C9— Nl 
C9— 01 
CIO— Cll 
CIO— Ol 
CIO— C15 
Cll— C12 
CI 2— 02 
C12— C13 
C13— C14 
C13— H13A 
C13— H13B 



1.751 (3) 
1.424 (3) 
0.9300 
0.9300 
1.499 (3) 
1.537 (3) 
0.9800 
1.331 (3) 
1.408 (3) 
1.343 (3) 
1.370 (3) 
1.336 (3) 
1.390 (3) 
1.472 (3) 
1.445 (3) 
1.238 (3) 
1.485 (4) 
1.446(4) 
0.9700 
0.9700 



C17— H17 
C18— C19 
C18— HIS 
C19— C20 
C19— 03 
C20— C21 
C20— H20 
C21— H21 
C22— N2 
C23— 03 
C23— H23A 
C23— H23B 
C23— H23C 
C24— 04 
C24— H24A 
C24— H24B 
C24— H24C 
Nl— HIA 
Nl— HIB 
Nl— HlC 



0.9300 

1.363 (4) 

0.9300 

1.362 (3) 

1.392 (3) 

1.388 (4) 

0.9300 

0.9300 

1.168 (3) 

1.427 (3) 

0.9600 

0.9600 

0.9600 

1.435 (3) 

0.9600 

0.9600 

0.9600 

0.8900 

0.8900 

0.8900 



C6— CI— C2 
C6— CI— C7 
C2— CI— C7 
CI— C2— C3 
CI— C2— H2 
C3— C2— H2 
C4— C3— C2 
C4— C3— H3 
C2— C3— H3 
C5— C4— C3 
C5— C4— Cll 
C3— C4— Cll 
C4— C5— C6 
C4— C5— H5 
C6— C5— H5 
CI— C6— C5 
CI— C6— H6 
C5— C6— H6 
C8— C7— CI 
C8— C7— Cll 
CI— C7— Cll 
C8— C7— H7 
CI— C7— H7 
Cll— C7— H7 
C9— C8— C22 
C9— C8— C7 
C22— C8— C7 
C8— C9— Nl 



120.8 (2) 
121.2 (2) 
118.0(2) 

118.7 (3) 
120.6 
120.6 
118.8(2) 
120.6 
120.6 
123.4 (2) 
118.7(2) 
117.8(2) 
118.6(3) 
120.7 
120.7 
119.6(2) 
120.2 
120.2 
111.4(2) 
108.1 (2) 
111.4 (2) 
108.6 
108.6 
108.6 
117.0(2) 

124.8 (2) 
118.1 (2) 
128.0 (2) 



C13— C14— H14 
C15— C14— H14 
C16— C14— H14 
CIO— C15— C14 
CIO— C15— H15A 
C14— C15— H15A 
CIO— C15— H15B 
C14— C15— H15B 
H15A— C15— H15B 
C21— C16— C17 
C21— C16— C14 
C17— C16— C14 
C18— C17— C16 
C18— C17— H17 
C16— C17— H17 
C19— C18— C17 
C19— C18— H18 
C17— C18— H18 
C20— C19— CIS 
C20— C19— 03 
CIS— CI 9— 03 
C19— C20— C21 
C19— C20— H20 
C21— C20— H20 
C16— C21— C20 
C16— C21— H21 
C20— C21— H21 
N2— C22— C8 



98.9 

98.9 
98.9 

110.8(2) 

109.5 

109.5 

109.5 

109.5 

108.1 

117.3 (3) 
120.2 (3) 

122.6 (3) 
122.0 (3) 
119.0 
119.0 
116.9(3) 
121.6 
121.6 

122.7 (3) 
114.9(2) 

122.4 (2) 
120.4 (3) 
119.8 
119.8 
120.7 (3) 
119.7 
119.7 
178.0 (3) 
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C8— C9— 01 122.5 (2) 

Nl— C9— Ol 109.5 (2) 

Cll— CIO— 01 122.2(2) 

Cll— CIO— C15 127.1 (2) 

01— CIO— C15 110.7(2) 
CIO— Cll— C12 117.7(2) 
CIO— Cll— C7 123.2(2) 
C12— Cll— C7 119.1(2) 

02— C12— Cll 120.9(2) 
02— C12— C13 116.3 (2) 
Cll— C12— C13 122.6(2) 
C14— C13— C12 111.8(2) 
C14— C13— H13A 109.3 
C12— C13— H13A 109.3 
C14— C13— H13B 109.3 
C12— C13— H13B 109.3 
H13A— C13— H13B 107.9 
C13— C14— C15 123.5 (3) 
C13— C14— C16 116.5(3) 
C15— C14— C16 112.9(2) 

C6— CI— C2— C3 -0.2 (4) 

C7— CI— C2— C3 -177.4(2) 

CI— C2— C3— C4 -1.8(4) 

C2— C3— C4— C5 2.7 (4) 

C2— C3— C4— Cll -178.2 (2) 

C3— C4— C5— C6 -1.5 (4) 

Cll— C4— C5— C6 179.5 (2) 

C2— CI— C6— C5 1.4(4) 

C7— CI— C6— C5 178.5 (2) 

C4— C5— C6— CI -0.6(4) 

C6— CI— C7— C8 -72.7 (3) 

C2— CI— C7— C8 104.4 (3) 

C6— CI— C7— Cll 48.2(3) 

C2— CI— C7— Cll -134.7(2) 

CI— C7— C8— C9 117.3(3) 

Cll— C7— C8— C9 -5.5(3) 

CI— C7— C8— C22 -59.6(3) 

Cll— C7— C8— C22 177.6(2) 

C22— C8— C9— Nl -3.3 (4) 

C7— C8— C9— Nl 179.7(3) 

C22— C8— C9— 01 179.2 (2) 

C7— C8— C9— 01 2.3 (4) 

01— CIO— Cll— C12 173.9(2) 

C15— CIO— Cll— C12 -5.3 (4) 

Ol— CIO— Cll— C7 -5.2(4) 

C15— CIO— Cll— C7 175.6(2) 

C8— C7— Cll— CIO 6.9(3) 

CI— C7— Cll— CIO -115.9(3) 



03— C23— H23A 109.5 

03— C23— H23B 109.5 

H23A— C23— H23B 109.5 

03— C23— H23C 109.5 
H23A— C23— H23C 109.5 
H23B— C23— H23C 109.5 

04— C24— H24A 109.5 
04— C24— H24B 109.5 
H24A— C24— H24B 109.5 
04— C24— H24C 109.5 
H24A— C24— H24C 109.5 
H24B— C24— H24C 109.5 
C9— Nl— HIA 109.5 
C9— Nl— HIB 109.5 
HIA— Nl— HIB 109.5 
C9— Nl— HlC 109.5 
HIA— Nl— HlC 109.5 
HIB— Nl— HlC 109.5 
C9— Ol— CIO 118.80(19) 
C19— 03— C23 118.8(2) 

C7— Cll— C12— 02 5.7(4) 

CIO— Cll— C12— C13 1.3(4) 

C7— Cll— C12— C13 -179.5(2) 

02— C12— C13— C14 -169.7 (3) 
Cll— C12— C13— C14 15.3(4) 
C12— C13— C14— C15 -30.8(4) 
C12— C13— C14— C16 -179.1 (2) 
Cll— CIO— C15— C14 -7.9(4) 
01— CIO— C15— C14 172.8 (2) 
C13— C14— C15— CIO 27.5 (4) 
C16— C14— C15— CIO 176.7 (2) 
C13— C14— C16— C21 -94.4 (4) 
C15— C14— C16— C21 114.1(3) 
C13— C14— C16— C17 86.3 (4) 
C15— C14— C16— C17 -65.2 (4) 
C21— C16— C17— C18 -2.6(4) 
C14— C16— C17— C18 176.7(3) 
C16— C17— C18— C19 0.5 (4) 

C 1 7— C 1 8— C 1 9— C20 2.4 (4) 

C17— C18— C19— 03 -177.8 (2) 

C 1 8— C 1 9— C20— C2 1 -3.1 (4) 

03— C19— C20— C21 177.0 (3) 
C17— C16— C21— C20 1.9(4) 
C14— C16— C21— C20 -177.4(3) 
C19— C20— C21— C16 0.8 (4) 
C8— C9— 01— CIO 0.6 (4) 
Nl— C9— 01— CIO -177.3(2) 
Cll— CIO— 01— C9 1.0(4) 
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C8— C7— Cll— C12 
CI— C7— Cll— C12 
CIO— Cll— C12— 02 


-172.2 (2) 
65.0 (3) 
-173.5 (3) 




C15— ClO- 
C20— C19- 
C18— C19- 


-Ol— C9 
-03— C23 
-03— C23 




-179.7(2) 
-178.5 (2) 
1.6(4) 


Hydrogen-bond geometry (A, ") 


D—R-A 




D—R 






D-A 


D—R-A 


Nl— HU-04' 
Nl— Hlfi-N2" 




0.89 
0.89 


2.12 
2.26 




2.698 (4) 
3.014 (5) 


122 
142 



Symmetry codes: (i) -x+2, -yfl, -z+1; (ii) -x+3, -y+l, -z+2. 
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